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$EVWUDFW²7KH GXUDELOLW\ DQG UHOLDELOLW\ RI WLGDO HQHUJ\ V\VWHPV
FDQ EH FRPSURPLVHG E\ WKH KDUVK HQYLURQPHQWV WKDW WKH WLGDO
VWUHDP WXUELQHV QHHG WR ZLWKVWDQG 7KHVH ORDGLQJVZLOO LQFUHDVH
VXEVWDQWLDOO\LI WKHWXUELQHVDUHGHSOR\HGLQH[SRVHGVLWHVZKHUH
KLJKPDJQLWXGHZDYHVZLOODIIHFWWKHWXUELQHLQFRPELQDWLRQZLWK
IDVW WLGDO FXUUHQWV 7KH ORDGLQJV DIIHFWLQJ WKH WXUELQHV FDQ EH
PRGHOOHGXVLQJYDULRXVQXPHULFDORUDQDO\WLFDOPHWKRGVHDFKRI
WKHP KDYH WKHLU RZQ DGYDQWDJHV DQG GLVDGYDQWDJHV 7R







JRRG DJUHHPHQW EHWZHHQ WKH PRGHO DQG WKH H[SHULPHQWDO ZRUN
ZDV REVHUYHG ZKHQ FRPSDULQJ WKH GDWD VHWV DW KLJK IORZ
FRQGLWLRQV+RZHYHUHYHQLIWKHDYHUDJHYDOXHVZHUHVLPLODUWKH
PRGHOWHQGWRXQGHUSUHGLFWWKHPD[LPXPDQGPLQLPXPYDOXHV











VWUHDP HQHUJ\ LQ -DSDQ >@ ZKLOH WKH 6ZHGLVK FRPSDQ\
6HDEDVHGKDVVLJQHGDSDUWQHUVKLSWRSURYLGHUHQHZDEOHHQHUJ\
WR6UL/DQNDVWDUWLQJZLWKWKHLQVWDOODWLRQRIDIDUPWRSRZHUD




WKH PDULQH UHQHZDEOH HQHUJ\ FRQYHUWHUV LV WKH FRPSOH[ DQG
YDULDEOH QDWXUH RI WKH UHVRXUFH )RU WLGDO HQHUJ\ FRQYHUVLRQ
WLGDOVWUHDPWXUELQHVQHHGWRZRUNXQGHUVHYHUIORZYHORFLWLHV
ZLWKIOXFWXDWLQJWXUEXOHQFHLQWHQVLWLHVLQWKHUHJLRQRI>@
7KLV WXUEXOHQFH LV DOVR DFFRPSDQLHG ZLWK WXUEXOHQW OHQJWK











RQ WKHEHQGLQJPRPHQWVRFFXUULQJRQ WKH WXUELQHZKLFKZLOO
WUDQVODWH LQWRGDPDJLQJHIIHFWVRI WKHGULYHWUDLQ FRPSRQHQWV
:KLOH WKH ZRUN XQGHUWDNHQ E\ >@ DQG >@ DOORZHG WKH
LQYHVWLJDWLRQRIZDYHFXUUHQWLQWHUDFWLRQVZLWKDIHZFKDQJHV




([SHULPHQWDO UHVHDUFK UHODWHG WR ZDYHFXUUHQW LQWHUDFWLRQV
ZLWK767VKDYHEHHQXQGHUWDNHQVHYHUDODXWKRUVHJ>@>@





LQLWLDO XQGHUVWDQGLQJ RI WKH GHWULPHQWDO HIIHFWV WKDW ZDYH
FXUUHQWLQWHUDFWLRQFDQKDYHLQ767VE\FRPSDULQJRXWRISODQH
EHQGLQJPRPHQWVRFFXUULQJRQWKHURWRUXVLQJDFRPELQDWLRQ









PDJQLWXGH7KLV LQYHVWLJDWLRQ ZDV LQVLJKWIXOEXW UHVWULFWHG WR
VPDOOVL]HZDYHKHLJKWVRIPDQGZDYHIUHTXHQFLHVEHWZHHQ
DQGZLWKORZIORZYHORFLWLHVRIPV>@XQGHUWRRN








RU IUHTXHQF\ GRPDLQ VLJQDOV >@ XQGHUWRRN DQ H[SHULPHQWDO
FDPSDLJQ ZKHUH WKH WHPSRUDO YDULDWLRQV RI ORDGLQJV ZHUH
DQDO\VHGRQDVFDOHGWXUELQHRIPGLDPHWHUZRUNLQJXQGHU
ODUJHUDPSOLWXGHZDYHV7KHWXUELQHRSHUDWHGDWPV/DWHU
WKH VDPH WXUELQH ZDV WHVWHG DW D IOXPH IDFLOLW\ DLPLQJ WR
UHSOLFDWHWKHWHVWVGRQHDWWKHWRZIDFLOLW\KRZHYHUGXHWRWKH







HLWKHU WKH QXPHULFDO PHWKRGV XVHG DW GLYHUVH FRQGLWLRQV LH
IORZYHORFLW\ZDYHFRQGLWLRQVHWFWKLVSDSHUDLPVWRFRPSDUH
VLPXODWLRQVXQGHUWDNHQXVLQJDQLQKRXVH%(07FRGHDEOHWR
TXDQWLI\ ORDGLQJ ZLWK FRPELQHG ZDYHV DQG FXUUHQW ZLWK
H[SHULPHQWDO UHVXOWV REWDLQHG ZLWK D WXUELQH ZRUNLQJ DW WZR
IORZ VSHHGV LQ WZR GLIIHUHQW IDFLOLWLHV DW VLPLODU ZDYH
FRQGLWLRQVZKHQSRVVLEOH
,, 0(7+2'2/2*<
$ VFDOHG KRUL]RQWDO D[LV WXUELQH RI  P GLDPHWHU ZDV
HPSOR\HG LQ WKH H[SHULPHQWDO FDPSDLJQV DQG LQ WKH %(07
PRGHO7KHWXUELQHLVFRPSRVHGRIWKUHHEODGHVZLWK:RUWPDQQ

















DW WKH HQG RI WKH IDFLOLW\ DV SURSRVHG LQ >@ 7KHUHIRUH LW
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EDVHG RQ WKH FRQVHUYDWLRQ RI D[LDO DQG DQJXODU PRPHQWXP
ZKHUHSRZHU DQG WKUXVW FDQ EH LQIHUUHG7KH DQQXODU VHFWLRQ
UHSUHVHQWLQJ WKH WXUELQH URWRU LV WKHQ VSOLW LQWR D QXPEHU RI
HOHPHQWVLQWKHUDGLDOGLUHFWLRQ7KXVHDFKRIWKHHOHPHQWVLV
DQDO\VHG LQGHSHQGHQWO\ WR FDOFXODWH QRUPDO DQG WDQJHQWLDO
IRUFHV XVLQJ DHURG\QDPLF FRHIILFLHQWV DV FRPSOHPHQWDU\
LQIRUPDWLRQ WR VROYH WKH VHW RI HTXDWLRQV 7KLV PHDQV WKDW
GHSHQGLQJRQWKHEODGHJHRPHWU\DQGWKHLQIORZFKDUDFWHULVWLFV
WKHOLIW&ODQGGUDJ&GFRHIILFLHQWVZKLFKDUHUHODWHGWRWKH






,I WKH UHTXLUHG SDUDPHWHUV DUH QRW FRYHUHG E\ WKH DYDLODEOH
OLWHUDWXUH WKH FRHIILFLHQWV FDQ EH FDOFXODWHG XVLQJ QXPHULFDO
PRGHOVHJ;IRLO3URILO-DYDIRLO)RUWKLVLQYHVWLJDWLRQWZR
GLIIHUHQW 5H\QROGV QXPEHUV ZHUH XVHG IRU WKH FDOFXODWLRQ RI






WKDQ WKH WKHRUHWLFDO XSSHU OLPLWV DQG WKH 9LWHUQD&RUULJDQ
PHWKRGZDVDSSOLHG WRHVWLPDWHKLJKIORZDQJOHVGXULQJSRVW
VWDOOYDOXHV$VLPLODUDSSURDFK ZDVXQGHUWDNHQ LQ >@7KH
LQIOXHQFHRIZDYHVZDVWDNHQLQWRDFFRXQWE\XVLQJWKH0RULVRQ






























IDFLOLWLHV  P EHORZ WKH IUHH VXUIDFH RI WKH ZDWHU 7KH
VWDQFKLRQZDVPDGHRIVWHHO,QWKHWRZWDQNWKHVWDQFKLRQZDV
LQVWDOOHG WR WKH WRZLQJ FDUULDJH XVLQJ D FRXSOH RI EUDFNHWV









UHTXLUHG WRDSSO\DQ\FRUUHFWLRQ IDFWRUV$V LW LVREVHUYHG LQ
7DEOHWKHEORFNDJHUDWLRDFKLHYHGLQWKHWRZWDQNIDFLOLW\DW
&15,16($1 ZDV RI  ZKHUHDV D VOLJKWO\ PDMRU









PDLQWDLQ WKH WXUELQH URWDWLQJ DWDFHUWDLQ VSHHGRU WRUTXH$V







TXDUWHUEULGJHVWUDLQJDXJLQJ V\VWHPZDV LQFRUSRUDWHG LQ WKH





JDXJHV V\VWHPV ZHUH FDOLEUDWHG LQ GU\ HQYLURQPHQWV E\
DSSO\LQJDYDULHW\RIZHLJKWVWRREWDLQDQRXWSXWYROWDJHZKLFK
UHODWHG WKH ORDGV DQG WKH DQDORJXHRXWSXWV $SUHFDOLEUDWLRQ
ZDVDOVRXQGHUWDNHQGXULQJ WKH WHVWLQJFDPSDLJQZKHUHGDWD













WKH IUHH VXUIDFH7KUHHUHVLVWDQFHZDYHSUREHVZHUH LQVWDOOHG
QH[W WR WKH WXUELQH WR PHDVXUH WKH ZDYH KHLJKWV GXULQJ WKH





)RU FRPSDUDWLYH SXUSRVHV WKH URWRU WRUTXH WKUXVW DQG
URWDWLRQDOVSHHGVZHUHDYHUDJHGRYHUWLPHIRUHDFKWHVW1RQ
GLPHQVLRQDO YDOXHV RI SRZHU DQG WKUXVW IRU WKH H[SHULPHQWDO




















%(07 DQG WKH H[SHULPHQWDO FDPSDLJQV 7KH ILUVW VHFWLRQ
LQFOXGHVDYHUDJHYDOXHVRISRZHUDQGWKUXVWVKRZQLQLWVQRQ





LQFOXGHG LQ WKH DQDO\WLFDO PRGHO RU LQ WKH H[SHULPHQWDO
FDPSDLJQVDWIORZVSHHGVRIPV,WFDQEHQRWLFHGWKDWWKH
UHVXOWV REWDLQHG DW WKH WXUEXOHQW IOXPH LIUHPHU DUH VOLJKWO\
KLJKHU WKDQ WKRVHREWDLQHGDW WKH WRZLQJ WDQN,QVHDQ6LQFH
WKLVGLVFUHSDQF\LVRQO\RIDERXWEHWZHHQWKHH[SHULPHQWDO
FDPSDLJQV LW LV SRVVLEOH WKDW WKLV PLJKW EH UHODWHG WR WKH









WR WKH H[SHULPHQWDO FDVHV KRZHYHU FRQWUDU\ WR ZKDW ZDV
REVHUYHGSUHYLRXVO\WKHDYHUDJHYDOXHVRISRZHUDUHVOLJKWO\
KLJKHULQWKHWRZWDQNWKDQLQWKHIOXPH7KLVPLJKWEHUHODWHG
WR WKH VKHDU IORZV REWDLQHGDW D IOXPH IDFLOLW\ ,Q WKLV SDSHU
RQO\ WKH DYHUDJH IORZ VSHHG DW WKH KXE FHQWUH ZDV XVHG WR
FDOFXODWH&3 WKHUHIRUH WKH LQIOXHQFHRID VKHDUSURILOH LVQRW
FDSWXUHG LQ WKH H[SHULPHQWDO UHVXOWV 7KLV KRZHYHU LV QRW D













)LJXUHV  DQG  VKRZ WKH FRPSDULVRQ RI WKH DYHUDJH &7
YDOXHVREWDLQHGIRUWKHH[SHULPHQWDQG%(07$VPHQWLRQHG
HDUOLHU WKUXVW PHDVXUHPHQWV RI WKH URWRU ZHUH RQO\ DFTXLUHG
GXULQJ WKH WHVWLQJ FDPSDLJQ XQGHUWDNHQ DW ,IUHPHU DQG WKXV
RQO\ IRU IORZ YHORFLWLHV RI  PV )RU WKH FXUUHQW RQO\
FRQGLWLRQ WKH PDWFK EHWZHHQ WKH H[SHULPHQWDO YDOXHV DQG
%(07IROORZVWKHVDPHWUHQGIRUPRVWRIWKH&7765FXUYH
)LJXUH  :LWK 765 YDOXHV !  WKH GLVFUHSDQF\ EHWZHHQ
%(07 DQG H[SHULPHQW LQFUHDVHV ZKHUH WKH H[SHULPHQWDO
YDOXHV WHQG WR LQFUHDVH LQ YDOXH ZLWK 765DQG WKH DQDO\WLFDO
PRGHOSUHGLFWVDQRSSRVLWHWUHQG
,Q )LJXUH  D ODUJH GLVDJUHHPHQW EHWZHHQ WKH H[SHULPHQW
DQGWKHDQDO\WLFDOPRGHOFDQEHREVHUYHG)RUDOOWKH765FDVHV
WKH DQDO\WLFDO YDOXHV DUH DERXW  KLJKHU WKDQ WKH
H[SHULPHQWDOGDWD7KLVFDQVRPHZKDWEHH[SHFWHGDVWKHSRZHU
SUHGLFWLRQV ZHUH DOVR KLJKHU E\ DSSUR[LPDWHO\  LQ WKH
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ZDYH FDVHV ZKHQ SRZHU ZDV TXDQWLILHG XVLQJ WKH %(07
PRGHO
7KHUH DUH D FRXSOH RI UHDVRQV WKDW PD\ H[SODLQ WKH
GLIIHUHQFHVEHWZHHQWKHWKUXVWYDOXHVRIWKHH[SHULPHQWDQGWKH
%(07 PRGHO $V PHQWLRQHG LQ 6HFWLRQ ,,% WKUXVW ZDV
PHDVXUHG LQ WKHH[SHULPHQWE\ LQFRUSRUDWLQJD IXOOEULGJHRI
VWUDLQJDXJHVLQWKHVWDQFKLRQXVHGWRVXSSRUWWKHWXUELQHLQWKH
IOXPH7KHUHIRUH LQVWHDGRIPHDVXULQJ DFWXDO WKUXVW WKH UHDO
GDWD DFTXLUHG ZDV D EHQGLQJ PRPHQW UDWKHU WKDQ WKH DFWXDO
WKUXVW GHYHORSHG E\ WKH WXUELQH 7KLV FDQ EH FRUUHFWHG E\
DFTXLULQJ LQIRUPDWLRQ RI WKH VHWWLQJ XVHG LQ WKH H[SHULPHQW
XQGHUWKHSXUHLQIOXHQFHRIWKHIORZYDULDWLRQVLHFXUUHQWRQO\
DQG ZDYH DQG FXUUHQW FRQGLWLRQV ZKHQ WKH WXUELQH LV QRW
RSHUDWLQJ0RUHRYHUWKHFDOLEUDWLRQRIWKHVWDQFKLRQVKRXOGEH
GRQH XVLQJ WKH H[DFW VHWWLQJ RI WKH H[SHULPHQW LH WKH
FDOLEUDWLRQVKRXOGEHGRQHLQVLWH$QRWKHURSWLRQLV WR³GU\´
FDOLEUDWHWKHVWDQFKLRQXVLQJDVLPLODUVHWWLQJDVWKHRQHXVHGLQ









WKH VWDQFKLRQ LV UHODWHG WR WKH VKHDU IORZV REVHUYHG LQ WKH
IOXPHV,WKDVEHHQREVHUYHGLQ>@WKDWWKHYDULDELOLW\RIWKH













FRHIILFLHQW EHWZHHQ %(07 DQG WKH H[SHULPHQWDO IRU ERWK
FXUUHQWRQO\DQGZDYHFDVHVDQGIRUPRVWRIWKH765YDOXHV
7KHPDMRUGLVFUHSDQF\REVHUYHGLQWKHDYHUDJHYDOXHVRI&3IRU
WKH H[SHULPHQW DQG WKH %(07 ZDV DSSUR[LPDWHO\  IRU D












)LJXUH &3 FRPSDULVRQEHWZHHQ%(07DQG H[SHULPHQWVXQGHUWDNHQDW




 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ?
 ?  ?  ?  ?  ?  ?  ?
 d
d^Z
Dd ?t& ? ? Dd ?K ? ?
 ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ?
 ?  ?  ?  ?  ?  ?  ?
 d
d^Z
Dd ?t& ? ? Dd ?t& ? ? ǆƉĞƌŝŵĞŶƚĂů ?t& ? ?
 ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ?  ?  ?  ?  ?  ?  ?
 W
d^Z














D EHWWHU DJUHHPHQW EHWZHHQ PRGHO DQG H[SHULPHQW 7KH
H[SHULPHQWDOGDWDXVHGKHUHZDVWKDWREWDLQHGIURPWKHIOXPH




1P DQG  1 IRU WKH WRUTXH DQG WKUXVW VLPXODWLRQV
UHVSHFWLYHO\ZKHUHDVWKHVHIOXFWXDWLRQVLQFUHDVHGWR1P
DQG1ZKHQORRNLQJDWWKHH[SHULPHQWDOLQIRUPDWLRQ,WLV
QRWLFHDEOH LQ)LJXUH WKDW WKH WXUELQHGLG QRW JHQHUDWH DQ\
WRUTXH LQD IHZ LQVWDQFHVRI WKH WHVW UXQ LH WKH WXUELQHZDV
GULYHQ E\ WKH PRWRU (YLGHQFH JDWKHUHG IURP WKH FDOLEUDWLRQ




WKUXVW RQHRI WKH UHDVRQV UHODWHG WR WKHGLVFUHSDQF\EHWZHHQ
H[SHULPHQW DQG PRGHO PD\ EH UHODWHG WR WKH IDFW WKDW WKH
VWDQFKLRQZDVZRUNLQJQRWRQO\XQGHUDQD[LDOIRUFHGHYHORSHG
E\WKHWXUELQHEXWDOVRWKHVKHDUIORZVJHQHUDWHGDWWKHIDFLOLW\













WKH PRGHO DQG IRU WKH H[SHULPHQW IROORZ D FOHDU VLQXVRLGDO
SDWWHUQDVH[SHFWHGGXHWRWKHZDYHFXUUHQWLQWHUDFWLRQV7KH
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dŝŵĞ ?Ɛ ?ǆƉĞƌŝŵĞŶƚ Dd


















WKH PHDQ YDOXHV VKRZHG LQ )LJXUH  DUH FORVH EHWZHHQ WKH
H[SHULPHQW DQG %(07 LW LV QRWLFHDEOH WKDW WKH WRUTXH
YDULDWLRQV SUHGLFWHG E\ %(07 DUH ORZHU LQ PDJQLWXGH
FRPSDUHG WR WKDW PHDVXUHG LQ WKH WHVWLQJ FDPSDLJQ )RU WKH
WKUHH 765 FDVHV VHOHFWHG KHUH LW ZDV FDOFXODWHG WKDW WKH
DPSOLWXGHRIWKHWRUTXHVLJQDOVZDVDSSUR[LPDWHO\KLJKHU
LQWKHH[SHULPHQWVWKDQWKRVHSUHGLFWHGE\%(07
7KLV KLJKOLJKWV WKH LPSRUWDQFH RI YHULI\LQJ QXPHULFDO
PRGHOVZKHQGHVLJQLQJD IXOO VFDOH WLGDO VWUHDP WXUELQH ,W LV
NQRZVWKDWPRVWRIWKHSUHGLFWLRQVRIWRUTXHDQGWKUXVWDUHXVHG
WRHQJLQHHUPRVWRI WKHFRPSRQHQWVXVHG LQD WXUELQH8VLQJ
ORZHU SUHGLFWLRQV RI ORDGLQJ IOXFWXDWLRQV ZKHQ GHVLJQLQJ D



















WHVWLQJ FDPSDLJQV ZHUH XQGHUWDNHQ LQ WKLV SDSHU 7ZR IORZ
FRQGLWLRQVRIDQGPVZHUHXVHGLQFRPELQDWLRQVZLWK
WZR ZDYH KHLJKWV  ,W ZDV IRXQG WKDW SRRU DJUHHPHQW ZDV
DFKLHYHG IRU ERWK SRZHU DQG WKUXVW PHDQ SUHGLFWLRQV ZKHQ
ORRNLQJ DW WKH  PV FDVHV 2QH UHDVRQ PLJKW EH WKDW WKH
WXUELQHZDVQRWDEOHWRJHQHUDWHHQRXJKSRZHUDWVXFKORZIORZ
YHORFLWLHV DQG WKXV WKH PRGHO ZDV QRW DEOH WR SUHGLFW WKRVH
FRQGLWLRQV 7KH VDPH PD\ EH DSSOLFDEOH WR WKUXVW KRZHYHU
DQRWKHU UHDVRQPD\EH UHODWHG WR WKH LQVWUXPHQWDWLRQXVHG WR
TXDQWLI\ WKH D[LDO ORDGLQJ GHYHORSHG E\ WKH WXUELQH )XWXUH
 ?
 ? ? ?
 ?
 ? ? ?
 ?

































































ZRUN ZLOO FRQWHPSODWH WKH XVH RI DGGLWLRQDO LQVWUXPHQWDWLRQ
ZKHQXQGHUWDNLQJH[SHULPHQWDO ZRUN UHODWHG WRZDYHFXUUHQW
LQWHUDFWLRQVWRYHULI\WKH%(07PRGHO
*RRGDJUHHPHQW ZDV REWDLQHGEHWZHHQ WKH PRGHO DQG WKH





GDWD E\ DERXW  )XWXUH ZRUN FRQWHPSODWLQJ RWKHU ZDYH







>@ 0DULQH (QHUJ\ ³0DULQH (QHUJ\´    >2QOLQH@ $YDLODEOH
KWWSVPDULQHHQHUJ\EL]DWODQWLVWRVWXG\MDSDQHVHWLGDO
VWUHDP
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RI 3DVVLYHO\ $GDSWLYH &RPSRVLWH 7LGDO 7XUELQH %ODGHV XQGHU
&RPELQHG :DYH DQG &XUUHQW /RDGLQJ´ 5HQHZDEOH (QHUJ\ XQGHU
UHYLHZ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